STUDIES in vivo on the incorporation of oestrogens by the uteri of immature rats (Jenson and Jacobson, 1962) and of ovariectomised mice (Stone, 1963), and on the incorporation of radioactivity by the ventral prostate and seminal vesicles of the male rat after injection of [14C] testosterone (Greer, 1959) suggest that steroids may be selectively incorporated by those tissues whose growth is dependent on their presence. Such steroids might also be selectively incorporated by those breast carcinomas of humans which are influenced by steroids.
STUDIES in vivo on the incorporation of oestrogens by the uteri of immature rats (Jenson and Jacobson, 1962) and of ovariectomised mice (Stone, 1963) , and on the incorporation of radioactivity by the ventral prostate and seminal vesicles of the male rat after injection of [14C] testosterone (Greer, 1959) suggest that steroids may be selectively incorporated by those tissues whose growth is dependent on their presence. Such steroids might also be selectively incorporated by those breast carcinomas of humans which are influenced by steroids.
Evidence of a link in humans between the " hormone-dependency " of breast carcinomas and the ability of such carcinomas to incorporate hexoestrol (3,4-bis-(parahydroxy-phenyl)-n-hexane) was obtained by Folca, Glascock and Irvine (1961) . In those patients who subsequently responded favourably to bilateral adrenalectomy and oophorectomy there was a selective incorporation of radioactivity by breast metastases removed 6 hours after intravenous injection of tritiated hexoestrol. More recently, Desphande, Bulbrook and Ellis (1963) found that 6 hours after intravenous injection of tritiated testosterone there had been selective incorporation of radioactivity by the breast carcinoma tissue of some, but not of other patients. The results of both these experiments suggest the existence of more than one class of breast carcinoma which differ in their ability to incorporate steroids. Since 17ac-methyltestosterone (MeT) is used for treatment of carcinoma of the breast it was thought that a similar investigation but concerned with the uptake of MeT by breast carcinoma and other tissues would be of importance. Determination of the concentration of radioactivity alone in carcinoma and in other tissues, however, does not necessarily permit a true comparison to be made of the relative amounts of the administered steroid present in the tissues because radioactive metabolites will almost certainly also be present. An attempt was made, therefore, to determine not only the total radioactivity of the tissues but also to determine the amount which was associated with unchanged MeT.
The amount of radioactivity in each tissue was expressed in terms of the wet weight of the tissue, although it is recognised that such a method takes no account of the many differences in the structures of those tissues which were examined.
A limited study of the rate of incorporation of MeT (and of radioactivity derived therefrom) by adipose and carcinoma tissues was also undertaken.
MATERIALS
[1,2-3H] MeT [1,2-3H] MeT was prepared by the partial reduction of 17a-methyl-1773-hydroxy-androst-1,4-dien-3-one in a tritium/hydrogen mixture with palladium on charcoal as the catalyst and, after purification, the steroid was diluted with unlabelled material to a specific activity of 10 ,uc.1/,ug. (Quincey and Gray, 1966a) . 10 sIc. portions of the steroid were sealed in glass ampoules in 0*2 ml. ethanol and stored at 200 C. Ampoules which had been stored for more than four months were not used.
The subjects of investigation
Each of the fourteen patients who were studied had an adenocarcinoma of the breast and all except one were women aged between 38 and 66 years. The exception was a male aged 67 years.
Clinical details relating to these patients are summarised in Table T . 
Liquid scinttillation phosphors
Two phosphors based respectively on toluene and on dioxan were used; their composition is described by Gray and Shaw (1965) .
Solvents
All solvents were of reagent grade and were redistilled before use. Column chromatography of steroids extracted from tissues A procedure for removing fat from the tissue extracts and for fractionating the steroids and steroid conjugates which might be present in these extracts was necessary. The column chromatography procedure which was adopted also permitted some estimate to be made of the relative amounts in tissues of unchanged MeT and of metabolites of MeT because an effective separation of MeT from metabolites of MeT was obtained.
A column (0.8 cm. internal diameter) containing 4 g. activated silica gel was used for the chromatography. Preliminary experiments (Table If) showed that whilst no MeT could be eluted with 50 ml. dichloromethane, an almost quantitative elution could be obtained with 50 ml. 0.500 ethanolic chloroform. Dichloromethane eluted fat and was used for this purpose in the chromatography. Although MeT is quantitatively eluted by 50 ml. 0.50/a ethanolic chloroform solution, metabolites of MeT which have polarities similar to that of MeT may also be eluted in this fraction. Paper chromatography of metabolites of MeT obtained from urine showed that no major metabolite was less polar than MeT and that 1 7a-methyl-5,/-androstane-3a, 1 7,-diol and 1 7a-methyl-5a-androstane-3a, 1 7/3-diol had polarities similar to that of MeT (Quincey and Gray, 1966b) . The chromatographic properties on silica gel of these two metabolites and of the next least polar metabolite (metabolite L) were investigated. The results, also in Table II, show that none of these compounds were eluted with 50 ml. dichloromethane and less than half of 1 7a-methyl-5,8-androstane-3a, 1 7,8-diol or of 1 7a-methyl-5a-androstane-3x, 1 7,/-diol and only 300 of metabolite L was eluted with 50 ml. 0*5 0 ethanolic chloroform.
Although some separation of MeT from metabolites was thus achieved, the radioactivity of the 0-5 00 ethanolic chloroform fractions obtained from tissues might not be wholly associated with MeT. However, direct determination of the composition of the 0°5Qo ethanolic chloroform fractions obtained after chromatography of extracts of adipose tissue and carcinoma tissue was attempted on one occasion, using paper chromatography in the Bush A system (Bush, 1952) to A proportion of the radioactivity in tissues might be expected to be associated with steroid conjugates which are very polar and it was therefore of importance to determine if steroid conjugates could be eluted from the silica gel column. Radioactive steroid conjugates were obtained from the urine of a patient to whom [1,2-3H] MeT had been given and a few micrograms were applied to a 4 g. silica gel column. Complete elution of the radioactive steroid conjugates was obtained with 50 ml. of 100% aqueous ethanol.
The following procedure for the chromatography of radioactive steroids obtained from tissues was adopted. Each extract was dissolved in dichloromethane and applied to the column. Three fractions were obtained by eluting successively with 50 ml. dichloromethane, 50 ml. 0-5 00 ethanolic chloroform and with 50 ml. 10% aqueous ethanol. After each change of solvent the flask which contained the original extract was washed with the next solvent mixture to be used and the washings were applied to the column. Solvent was removed from each 50 ml. fraction by evaporation, and the whole of each residue taken for the measurement of radioactivity.
In this way the total amount of radioactivity in tissues was determined and some estimate could be made of the amount which was associated with unchanged MeT.
Measurement of radioactivity
Each sample was counted at -2°C. for 200 minutes (4 x 50 min.) in a Packard "Tri-Carb " Automatic Liquid Scintillation Spectrometer (Model No. 314EX). Extracts containing neutral steroids alone were counted in 15 ml. toluene phosphor whilst extracts containing steroid conjugates were counted in a solution of 10 ml.
dioxan phosphor and 1*0 ml. of ethanol. Counting efficiency was estimated using [3H] toluene as an internal standard and in toluene phosphor was 11-6-29-6% and in dioxan phosphor was 7.4-19.5%. Statistical analysis of the results Although samples of the same tissue from different patients might not belong to a single population as defined by the ability to incorporate radioactive steroid, no distinction between such hypothetical types could be made on the basis of the results which were obtained. The results for each of the tissues have.therefore been treated as though they had arisen from a single tissue population.
The comparison of the results of any two series of tissues was concerned only with those values from one series for which corresponding values from the other series were obtained. Thus " within-patient " differences for each of the values within any two series of tissues were calculated and from these values the mean difference and the standard error of the mean of the differences were obtained. The mean difference thus calculated only equals the difference of the means of any two series when the number of observations within both series equals the number of observations which may be compared. Values of t were obtained (mean difference/standard error) and the probabilities of the differences being due to chance were thus ascertained. Differences between series were regarded as significant only if P was equal to or less than 0*05.
Failure to observe statistically significant differences might not mean that differences did not exist because the number of observations which were made might merely have been insufficient. Table III . The amount of radioactivity in the dichloromethane fractions obtained after the column chromatography of extracts of any of the tissues was very low (7-14 d.p.m./g.) and, in view of the difficulty of accurately measuring such small amounts of radioactivity in the presence of various amounts of fat, can be considered to be not significant. The amounts of radioactivity in the 0.5% ethanolic chloroform and 10% aqueous ethanol fractions approximately corresponded to that which was associated with MeT and with metabolites of MeT respectively. Both of these latter fractions contained readily measurable amounts of radioactivity. Radioactivity of the 0.5% ethanolic chloroform fractions (MeT)
The radioactivity of fractions obtained from extracts of carcinoma tissue (169 d.p.m./g.) was greater than was obtained from extracts of muscle (124 d.p.m./g.) and from skin (130 d.p.m./g.) but was lower than was obtained from extracts of adipose tissue (205 d.p.m./g.). The radioactivity of fractions obtained from adipose tissue was higher than was obtained from the other tissues.
Statistical analysis (Table IV) showed that the differences observed between adipose tissue and skin (74.4 d.p.m./g.) were significant and that the other differences which were observed were not significant. Statistical analysis (Table IV) showed that the differences observed between carcinoma tissue and muscle (108.7 d.p.m./g.) were significant and that the differences of 128-3 and 105-0 d.p.m./g. observed between carcinoma and adipose tissue and between carcinoma tissue and skin respectively just lacked significance. None of the other differences were significant.
There was no pronounced selective incorporation of radioactivity by the carcinoma tissue of the magnitude (3-15 times that of muscle) observed by Desphande et al. (1963) The rate of incorporation of MeT and the rate of appearance of metabolites of MeT in adipose and carcinoma tissues removed by mastectomy A full investigation would have involved measuring the radioactivity of a large number of tissue samples because of the large natural variation in the radioactivity of the same tissues of different patients. Only a limited study was possible, and the radioactivity of extracts of adipose and carcinoma tissues removed 15-210 minutes after intravenous injection of [1,2-3H] MeT was measured in a series of five patients (A. S., N. C., K. N., R. B. and B. B.). The results shown in Fig. 1 and 2 include the mean values for 360 minutes obtained in the previous investigation as any error caused by differences in the method of administration of the steroid after this period of time (360 minutes) was unlikely to be greater than those inherent in the experiment. Figs. 1 and 2 also show composite values (from data of Quincey and Gray, 1966b) for the radioactivity of the unconjugated (mainly MeT) and conjugated (metabolites of MeT) steroid fractions obtained from the plasma of three subjects at various times after intravenous injection of 10 ,uc. [1,2-3H] MeT. Differences in the methods of estimation and expression of the results of these experiments preclude any strict comparison of the results in plasma and tissue.
Although the incorporation of MeT by both adipose and carcinoma tissue was of a similar magnitude, incorporation by the carcinoma tissue proceeded slightly more rapidly and reached a maximum after about 60 minutes. The amount of MeT in adipose tissue reached a maximum after about 110 minutes. The amount of MeT in either tissue only equalled the amount in plasma after 90-100 minutes and then remained at a consistently higher level. The rate of decline in the amount of MeT in the tissues throughout this last phase was similar to the rate of decline of MeT in plasma.
The rates of appearance of radioactivity associated with metabolites of MeT in adipose and carcinoma tissues were similar; in both cases the initial rapid rise lasted for about 90 minutes and was succeeded by a more gradual rise lasting for the remainder of the period studied. The extent of the rise in carcinoma tissue was much greater than in adipose tissue; the final concentration in carcinoma tissue being about two and a half times greater than in adipose tissue. The radioactivity associated with metabolites of MeT in both tissues was very much lower than the amount which was found in plasma. In adipose tissue the concentration of metabolites of MeT was only one-ninth that of plasma whilst in carcinoma tissue the concentration was approaching one-third that of plasma.
I)ISCUSSION
The uptake of MeT by breast carcinoma and other tissues has been studied mainly after oral administration of the steroid. After oral administration, the steroid passes through the liver where it may be metabolised and only then is it able to enter the peripheral circulation where it becomes available to the tissues. Clearance of MeT from blood by metabolism in the liver cannot be rapid, however, as the half-life (155 minutes) of MeT in blood is large (Quincey and Gray, 1966b) .
Absorption of the steroid in the gut was assumed to be complete because the dose was administered as a solution in aqueous alcohol and was present in only trace amounts. Moreover, Hyde, Elliott, Doisy and Doisy (1954) have demonstrated that in rats absorption of orally administered MeT is complete and it has been shown that in humans the rate of excretion of radioactivity after oral administration of [1,2-3H] MeT in solution is similar to that observed after intravenous injection (Quincey and Gray, 1966b) . Thus, oral administration was considered to be adequate in those instances in which the time interval between administration and removal of the tissue was large. When this interval was of short duration, administration by intravenous injection became necessary.
A steroid hormone which acts directly on a particular process in a particular tissue presumably interacts with receptors which in some way are concerned with the regulation of that process. The interaction may involve binding of the steroid to the receptor molecule and this may alter the structure and hence modify the function of that receptor; or in the particular case of the steroidinduced transhydrogenases, the steroid may act as a coenzyme or enzyme prosthetic group (Dixon, Gray and Quincey, 1964) .
Such specific interactions may result in an increased incorporation of the steroid in the responsive tissue (Harding and Samuels, 1962 ; Bellamy, 1963) but it is possible that the amount of steroid associated with such receptors may be small when considered in relation to the amount of steroid present simply in solution or bound to other non-specific receptors. Thus, differences in the amounts of a steroid present in different tissues which are due to interactions with specific functional receptors may be masked by differences caused by nonspecific binding or by the gross structural differences which distinguish one tissue from another. Nevertheless, a much increased incorporation of a steroid by a tissue might indicate the presence in that tissue of specific receptors, particularly if the gross structure of the tissue was similar to that of the control tissue. Thus, if control mechanisms in carcinoma tissue were dependent at least in part on the direct action of steroids, specific functional receptors would be present which might be detected by measurement of the uptake of such steroids by the carcinoma and other tissues. The results obtained by Desphande et al. (1963) and by Folca et al. (1961) have already been alluded to and suggest that the breast carcinoma tissue of some but not of all patients contained specific receptors which were not present in the other tissues which were examined. No such selective incorporation of MeT was observed by the carcinoma tissue of any of the patients to whom MeT had been administered six hours previously. Moreover, as adipose and carcinoma tissues incorporated radioactivity at similar rates, it seemed unlikely that selective incorporation could have been demonstrated at any other time after administration of the steroid, although the relative amounts of MeT and of metabolites of MeT in the tissues would have been different. This does not mean that specific receptors which may bind MeT do not exist in carcinoma tissue, indeed Kim and Furth (1963) concluded that the effects which oestrogens have on the growth of mammary carcinoma in rats were secondary and were caused by oestrogen-induced changes in the secretion of prolactin by the pituitary.
The concentration of MeT in carcinoma tissue 6 hours after oral administration of this steroid was not significantly different from the concentration found in each of the other tissues, but was greater than in plasma. The concentration of metabolites of MeT in carcinoma tissue was significantly greater than in each of the other tissues but was much less than the concentration of metabolites in plasma. The proportion of the total radioactivity which was present as MeT in carcinoma tissue (36%) was similar to that found in muscle (40%) and in skin (36%) but was smaller than MeT in adipose tissue (61 %). The high proportion of MeT in adipose tissue probably reflected differences in the relative solubilities in fat of MeT and of the more polar metabolites of MeT. The appearance after this time of relatively large amounts of metabolites of MeT, which are presumably physiologically inert, emphasises the importance in such studies as these of achieving some separation of the administered steroid from the metabolites.
The appearance in the tissues of radioactive metabolites of MeT could be the result of in situ metabolism of MeT or could be due to the passage into the tissues of metabolites formed elsewhere, or might possibly be the result of both processes. It is not possible to distinguish between these possibilities on the basis of the present investigation but, although the liver is almost certainly quantitatively the most important site for the metabolism of steroids, extrahepatic metabolism of androgens is well established (Thomas and Dorfman, 1964a, 1964b; West and Samuels, 1951;  King, Gordon and Smith, 1964; Ryan, 1958) .
SUMMARY
The concentration of radioactive MeT and metabolites of MeT in adipose, muscle, skin and carcinoma tissues which had been removed from patients 6 hours after oral administration of [1,2-3H] Although no significant differences were observed between the concentrations of MeT in the carcinoma and other tissues, the concentration of metabolites of MeT in carcinoma tissue was significantly higher than in any of the other tissues. The total concentration of radioactivity in carcinoma tissue was significantly greater than in muscle and was probably also greater than in skin and adipose tissues.
The rates of incorporation of MeT and the rates of appearance of metabolites of MeT in adipose and carcinoma tissues were similar.
